were recorded across the ~p~at~~eat~ frog retina under acne chosen to affect putative pH-regulating mechanisms. The saturated response amplitude (U,) was found to be a monotonically increasing function of perfusion pH in the range 7-8, and thus presumably of intracelhdar pH (pH). Accepting tbat V,, can be used as an ii&x of pHi cbaugea, two results indicate the importance of bicarbonate transport for preventing intracellular fixation: (1) bicarbonate-buffered (6 mM HCO, + 6 mM HEPES) perfusate increased U,, compared witb nominally bicarbonate-free perfusate (12mM HEPES); (2) tbe anion transport blocker DIDS (0.1 mM) caused a strong decrease in the ~p~~e of ~to~~~ Su~ti~tion of M mM cbloridc by gluconate in the perfusing fluid boosted photoresponses indicating that at least part of the bicarbonate transport involves HCO;/Cl-exchange. Amiloride (2 mM) also caused a decrease of photoreqonse amplitude, which suggests tbat Na+fH+ excbauge contributes to pH, regulation. In alI these respects, cones bebaved simibu!y to rods. Coues differed from rods (in the intact retina) in #at addition of 0.5 mM of the carbonic anbydrase inhibitor acetazolamide reduced (never augmented) photoresponses. Tbe difference is considered in relation to the presence of carbonic anhydrase in cone, as opposed to rod, outer segments.
INTRODUCTION
We have previously characterized pH regulation in amphibian rod photoreceptors both by recording changes in light responses and changes in pH, (Donner, Hernils, Kalamkarov, Koskelainen & Shevchenko, 1990; Kalamkarov, Pogozheva, Shevchenko, Donner, Koskelainen & Hemill, 1993; Koskelainen, Donner, Kalamkarov & Hemill, 1993) . Here we extend the physiological study of pH effects to cones. Several of the cone/rod differences bear on the acid budget of the cells: (1) the cone outer segment (COS) has some 50 times smaller volume [in the frog retina (Sax&, 1954; Liebman & Entine, 1968) ] and its disks are contiguous with the plasma membrane; thus diffusion of substances out of the COS should be more efficient than in rods; (2) the dark rate of cGMP turnover, a major acid load in the outer segment (see Liebman, Mueller & Pugh, 1984; Kalamkarov ef af., 1993) , is likely to be much higher in cones; (3) the COS, in contrast to the rod outer segment (ROS), has been shown to contain the enzyme carbonic anhydrase (CA) (Musser & Rosen, 1973; Sapirstein, 1983; Linser & Moscona, 1984 Chao & Odom, 1990) . This enzyme catalyses the hydration of carbon dioxide to carbonic acid, ensuring a fast equilibrium in the CO,-HCO; buffer system. The experimental procedures and interpretations are based on our previous experience from rods. Changes in the saturated response amplitude U,,,,, are used to monitor the effects of treatments designed to affect pHi-regulating m~ha~sms.
In rods, the saturated current response grows monotonically (although at least partly transiently) with rising pH, (Liebman et al., 1984; Donner ef al., 1990; Koskelainen et al., 1993) . Here we first demonstrate that a monotonic relation between pH and U,,,,, also holds for cone photoresponses recorded as ERG potentials across the isolated and perfused frog retina. When synaptic transmission is blocked by aspartate and rods are suppressed by a blue background light, the ERG photovoltage is essentially a measure of the current response of cones. The whole-retina preparation we use has the advantage that the milieu and physiological state of the cells remain reasonably normal. For example, the flux of metabolic acid from the inner retina (see Oakley 8c Wen, 1989; Borgula, Karwoski & Steinberg, 1989; Donner et al., 1990) remains patent, as opposed to the situation in isolated cells.
We find that pH control in cones like in rods depends decisively on bicarbonate transport plus, apparently, Na+/H+ exchange. A major difference compared with
